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Abstract 
This paper introduces the advantages of LIDAR technology as an active remote sensing method, and the successful 
applications of flood dynamic monitoring and evaluation, soil erosion and river mapping. In this paper I introduce the 
airborne LIDAR technology into the monitoring and management area of water blooms by using the concentration 
inversion of chlorophyll as point of entry. This paper shows the application prospect of airborne LIDAR technology 
in monitoring and managing the data of inland water bodies by combining the production of international research, 
and it shows what should be taken to make the airborne LIDAR monitoring of water into practical in our country. 
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Introduction 
With the increase of human destruction to nature, various water blooms disasters in recent years caused 
extensive damage to the national economy and life. The amount of nature lakes greater than 1.0km 
existing in our country is more than 2759, and most of them are located in the downstream of Yangtze 
River, in which district the lake water environment changes drastically, the lake area continues to shrink, 
the water quality continues to deteriorate affected by human and natural factors. The serious damage of 
lake's ecology and environment, the declining of lake's function and benefit have been a bottleneck 
restricting the sustainable development of social and economic. With the increasing demand of data, the 
traditional methods haven’t met demand on the monitoring and management of inland water especially 
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the large rivers and lakes. So there must be a more efficient way that can make up the deficiency in 
monitoring and management of medium and small rivers and lakes. 
Principle and Typical Applications of LIDAR 
Laser radar is the optical radar which use laser as emitter working from the infrared to the ultraviolet 
spectrum of light. Compared with ordinary light, laser has a good direction, good monochrome, 
coherency and other advantages, and is difficult to be impacted by the atmospheric environment and the 
sun’s rays. Using laser to measure distance can improve the reliability and anti-jamming capability which 
obtain data. It has a conspicuous advantage comparing with the traditional measurement method which is 
high precision, high efficiency, the large volumes of data. LIDAR system is an advanced active remote 
sensing system, which is made up of the transmitting system, receiving system, information processing 
and other components. This system measures object using laser generator to emit light pulses received by 
the photodiode return pulse, as access to a large number of objects scanned points and spectral 
information and then using software for data handling real-time reproduction of objective things, real 
morphological characteristics, thus to achieve the purpose of a variety of modeling and calculating [1]. 
Because the system itself can eradiate laser under control on targets, do not rely on sun’s rays, it is a 
all-time day and night system which can obtain target data. 
With a growing need to study fluvial environments for flow hydraulics, flood routing, sediment transport, 
aquatic habitat and monitoring of geomorphological change [2], it prompts airborne LIDAR techniques to 
be widely applied in physical geography which can efficiently and accurately represent river channel 
geometry with high resolution. The researches Bowen and Waltermire et al. [3] have gotten river 
topographic data meeting the business needs by airborne LIDAR and have assessed its accuracy. The use 
of airborne laser scanning has focused particularly on the measurement of ephemeral channels and gullies 
and assessment of flood risk [4].As early as 2001 Hicks et al. [5]got the water depth data and underwater 
topographic maps by using airborne LIDAR to make bathymetry and survey underwater terrain. On the 
assessment of flood risk, the international researchers can get DSM model of one meter resolution what 
can be used to generating 3D hydraulic model by making use of LIDAR data. David M Cobby et al. [6] 
give a detailed description abut on how to model a flood modeling of urban areas. In flat areas density of 
data points of LIDAR per square kilometer can be achieved 50000-100000 points. So this technology can 
determine small water system under the dense canopy, its data is high precision, high density and 
relatively low cost [3].Many countries and institutions are using LIDAR technology for river mapping 
project, for instance, an Airborne Laser-Scanning mapping mission flown for the U.S. Forest Service in 
2004 acquired data including rivers, streams, valleys formed by erosion, forest density and so on in the 
southeastern Piedmont of the USA [7]. 
 
Elements of Remote Sensing Monitoring Water Blooms. The main studying of lake water of remote 
sensing is the relationship between reflectance spectra of water features and the water quality parameters, 
and then establish inversion algorithm of water quality parameters. We can integrate assessment models 
into the evaluation of lake water conditions. Water quality in lakes spectral components into a significant 
relationship with the water quality indicators are: phytoplankton, yellow substance, suspended solids, 
dissolved organic carbon, turbidity (or transparency) [8], the phytoplankton mainly refers to the Species 
of algae. 
According to local monitoring data, they found that cyanobacteria, green algae, diatoms and other algae 
become dominant populations of water in the process of the most of water bloom. when this plant bloom 
happens, the water will experience of high chlorophyll a due to the photosynthesis of plants. Blooms in 
various stages of the process of growth and decline of the density of algae is very large, the chlorophyll 
will change dramatically, which led to the absorption of light water is a variable. Chlorophyll a own 
nature which is that it can reflect a large number of near-infrared of energy, but absorb most of the visible 
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light of energy. Chlorophyll a can reflect 4O ~ 50%to near infrared channel (0.7 ~ 1.1ȝm) of energy, 
while absorb near 8O ~ 90% in the visible channel (0.4 ~ 0.7 ȝm) of energy [9]. By drawing the Center of 
Spatial Technologies and Remote Sensing Chlorophyll of United States given spectrum (Fig.1) We can 
conclude: (1) wavelength range between 0.5 ~ 0.6ȝm has a reflection peak; there are the two peaks in the 
visible band between 0.4 ~ O . 7ȝm. (2) chlorophyll absorption in the near infrared band is very small. ( 3) 
Light transmittance + Light reflectivity + Light absorption=1.  
 
Fig.1 Chlorophyll Spectra 
Abroad based on remote sensing data of chlorophyll concentration retrieval studies have been conducted 
for over 30 years, the main method of chlorophyll a "blue-green band ratio method" ,Remote sensing of 
chlorophyll a fluorescence are more mature now. The mechanism of extraction of marine blue-green band 
ratio of chlorophyll a concentration of chlorophyll a "blue-green band ratio method" is: Phytoplankton are 
scattering in the green band in the 550 nm near the peak, the peak with the increasing concentration of 
chlorophyll a increased; sector in the 480 ~ 550 nm to 510 nm a concentration is not sensitive at the 
spectrum of the chlorophyll. Fluorescence sensing is based on: chlorophyll fluorescence of phytoplankton 
in vivo in the 400 - 700nm excited by sunlight, resulting in the red light near 683nm radiation. It 
approximately follows the Gaussian distribution, the peak is concerning with the concentration of 
chlorophyll a [10].The new research method of our country is based on bio-optical monitoring of the 
marine red tide in this area at present, which to build the concentration of chlorophyll model by the 
detection of airborne LIDAR using blue-green laser backscatter signal monitoring [11]. 
 
Water Blooms Monitoring for Airborne LIDAR. Traditional means on lake water quality monitoring is 
field sampling and laboratory analysis. The precision of these monitoring methods have some accuracy, 
but it can’t fully reflect the overall ecological environment of the lake temporal and spatial variation, and 
the long cycle, high cost, because it is on the point. The most important thing is that it can’t achieve 
real-time monitoring [12]. It requires sophisticated equipment and then is more expensive that use 
satellite remote sensing to monitor. The main point is that the most of current remote sensing satellite is 
based on passive remote sensing of sunlight, which they are not be all-weather, all-time work and lack of 
spatial resolution and low. They are very difficult to monitor medium and small-scale lake and 
river-type-lake [13]. Airborne remote sensing and other new technologies are having more and more 
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attention in the water area of environmental monitoring and forecasting because of their advantages that 
traditional way don’t have. With the growing prominence of ecological environment, research focus of 
water quality monitoring are gradually shifted the marine coastal and inland lakes which are case 2 water 
with high concentration of chlorophyll and suspended. Flink et al.(2001) [14] analysis using principal 
component analysis data obtained from two lakes in Sweden CASI, mapping of the chlorophyll 
concentration map, and pointed out the best band of chlorophyll drawing map position and band width. 
Sabine et al. (2002) [15] integrated the CASI data and HyMap data to monitor water quality in Germany 
Mecklenburg Lakes, and establish algorithm for the quantitative of nutritional parameters and chlorophyll 
concentration at the same time. 
The most important aspects of remote sensing monitoring lake water is the process of monitoring of algae 
soaring, chlorophyll a can be used to estimate phytoplankton biomass and productivity[16]. LIDAR is the 
optical radar that use laser radiation from the infrared to the ultraviolet spectrum to do the work, and it 
can flexibility choose the appropriate spectral section to scan monitoring water which base on different 
stages of bloom content of chlorophyll a in water body. Airborne LIDAR is an active remote sensing 
method which can learn the theory of passive remote sensing methods in bloom monitoring. When the 
chlorophyll a concentration increase, the blue band reflectance decrease, and green and red band 
reflectance increase, the best band of calculated chlorophyll a concentration in the selection depends on 
the concentration of chlorophyll a [17]. When the plane fly over the water tested, you can send two beams 
of the laser light of different wavelengths, which the wavelength in keeping with absorption peaks and 
reflection peaks of chlorophyll tested, measured the respective strength after the two beams of light 
passing through the chlorophyll. We can estimate the chlorophyll concentration for differential absorption 
technique. Chlorophyll concentration by inversion can predict the outbreak of water blooms and estimate 
fade time of water blooms, which it is able to provide factual basis for administrative decisions.Airborne 
LIDAR compared to other airborne passive remote sensing and satellite remote sensing that its equipment 
is simple, low cost, monitoring period is short and it is little affected by the weather. Above all it is 
all-weather monitoring, adaptable according the change of disaster to increase monitoring times. 
 
Conclusion and Outlook 
There are not only exciting algae but also a large number of suspended solids, dissolved organic carbon 
and other objects having closely related to the spectrum. If we want to extend airborne LIDAR to the 
whole field of water quality management from the only monitoring the water blooms, we should 
introduce relevant theoretical results from other areas need. For example, we can establish the remote 
sensing quantitative model monitoring water pollution by referencing the Raman scattering theory which 
has been used for monitoring air pollution. Raman scattering is a phenomenon which monochromatic 
light scattered by the medium producing other frequency scattered light, and the scattered light frequency 
minus the incident light frequency correspond to scattering medium minus of two energy level. This 
means that the Raman scattered light have differently frequency shift values about different types of 
molecule, which it has nothing to do with the incident light frequency. LIDAR light through the computer 
containing the water formed after the backscattering of light in the value of frequency shift can be 
inferred is the kind of suspended solids or organic carbon present. By calculating the frequency shift 
value of backscattering we can infer which kind of suspended solids and organic carbon it is. The most 
critical problem that makes airborne LIDAR to be practical in the field of environmental monitoring of 
inland water bodies is to remove the error term, which requires researchers to do a lot of work. Foreign 
scholars began a study on the inversion of chlorophyll concentration in water from 70 20th century. The 
researchers established a systematic theoretical system and proposed a variety of methods for the 
inversion of chlorophyll concentration by remote sensing. The development of LIDAR technology is 
falling behind in our country. The following exploratory step should be introduced for making airborne 
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LIDAR into practical.Above all, countries should strengthen support to practical remote sensing of water 
bodies and quantitative research, develop atmospheric correction method for regional water, and build 
automatic operation system on inland water quality monitoring. Secondly, the combination of 
experimental model and theory on ocean remote sensing establish test system for water bodies with 
serious water bloom for the accumulation of experimental data which can be used to establish accurate 
reflectance model basing on lake water bodies remote sensing. Thirdly, combining water quality model of 
airborne LIDAR and other water quality model with using data assimilation technology to make up for 
lack of LIDAR technology, which achieve integrated management on water quality monitoring of 
lake,changes of lakes,using surveys of lake and ecological environment monitoring of lake. In a word 
Airborne LIDAR as a new active remote sensing has broad developing prospects on the establishment of 
inland water bodies in three-dimensional monitoring, early warning and management system as the 
newest theory result introduced. 
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